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Abstract

Introduction. Proximal humerus fractures (PHF) are the third most common fractures after fractures of the femoral neck
and distal metaepiphysis of the radius. PHF are most often found in the elderly and old people. Despite the availability of a
large number of surgical treatment methods, a large number of complications are still observed, such as secondary
displacement, screw eruption and aseptic necrosis. In this study computer modeling was carried out to determine the
biomechanical characteristics of osteosynthesis of a PHF with a new device, and the immediate results of the operation on a
patient are given as a clinical example.

Research objective. Comparative study using the finite element method of computer models of the humerus, which
fixed by the developed device and a standard bone plate.

Materials and methods. A new device for proximal humerus fractures fixing has been developed and manufactured.
Based on a CT scan of the shoulder joint of a middle-aged man, a 3D model of the humerus was developed. On the
humerus models was applied simulation of 500 N compression loads along the axis and axial sharing with 200, rotational
loads with a force of 200 N. The results of biomechanical experiments obtained during computer modeling, the distribution
points of the maximum von Mises stress, and the restoration of shoulder joint function in the early postoperative period were
studied.

Results. The results of computer modeling using the finite element method showed that the von Mises stress distribution
was smaller in the humerus model fixed by the new device than in the model fixed by the standard plate. In the humerus
model with the standard plate, the displacement of bone fragments was greater. The patient who underwent surgery had
good recovery of the shoulder joint function, with a Constant Murley (Score) score of 85%.

Conclusion. Osteosynthesis of the proximal humerus fracture by the new device increases fracture stability, prevents
secondary displacement of bone fragments and promotes early restoration of movement in the shoulder joint.

Key words. Proximal humerus fracture, computer modeling by finite elements, newly designed device, osteosynthesis,
bone-plate models.
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BeepeHue. [MepenomMbl NPOKCMMArbHOMO OTAENa NIEYEBON KOCTM MO YacToTe BCTPEYAEMOCTH 3aHMMAIOT TPETLE MECTO
nocne nepenomoB LUekM GeAPEHHOA KOCTM M AMCTamnbHOTO MeTasnuduaa NyvyeBon KocTu. Yalle Bcero BCTpevaeTcs y
NOXUMbIX W MIOJER CTapyeckoro Bospacta. HecmoTpsi Ha Hanuune BOMbLIOro KOMMYeCTBa METOZOB XMPYPru4ECKOro
neyeHus, 0o cux nop Habniogaetcs 60MbLIOE KOMMYECTBO OCMIOKHEHMIA, TaKUX Kak BTOPUYHOE CMELLEHe, NpopesblBaHne
BMHTOB 1 acenTuyecknii Hekpo3. B muccregoBanmii Bbino NpoBEAEHO KOMMBIOTEPHOE MOZENUPOBaHWe ANs onpegeneHus
B1oMexaHNYECKMX XapakTePUCTUK OCTEOCMHTE3a NepenoMa NpOKCMMarbHOro OTAeNa NneveBoil KOCTU HOBLIM YCTPONCTBOM,
a TaK e B Ka4eCTBE KIMHMYECKOro NpumMepa npuBeaeHsb! brmxailme pesynbTaThl Onepauumn Ha naumeHTe.

Llenb uccnepoBanuA. CpaHBUTENbHOE WCCNENOBaHNE METOAOM KOHEYHbIX SMEMEHTOB KOMMbIOTEPHBIX MOAENeN
NnevyeBon KOCTW (IMKCMPOBAHHbIX pa3paboTaHHbIM YCTPOACTBOM U CTaHAAPTHOM HAKOCTHON NMACTUHON.

Marepuanbl u metoAbl. Pa3paboTaHO W M3rOTOBMEHO YCTPOMCTBO HOBOrO obpasua Aanis ukcauuu nepernomoB
NPOKCMMarbHOro OTAENa NeYeBoi KOCTU. Ha OCHOBE KOMMbIOTEPHOI TOMOrPaMMbl MIEYEBOMO CYCTaBa MYXYWHbI CPEAHUX
net 6bina paspabotaHa 3D — Mogenb NneveBoi KOCTU. Ha Mogenu nneveBoi KocTh Bbinn cumynpoBaHbl Harpy3sku B 500 H
Ha cxaThe no ocu U C HaknoHom 200, BpawaTtenbHble Harpyskm ¢ cunoit B 200 H. Bbinu uaydeHbl pesynbTatbl
OMOMEXaHNYECKNX  SKCMEPUMEHTOB, MOMYYEHHBIX MPU  KOMMbOTEPHOM  MOAENMPOBaHMM, TOYKM  PacmpoCTpPaHeHus
MakCUManoLHoro HanpsbkeHus oH Mwuseca, a Tak e BOCCTaHOBMEHME (PYHKLUMM MIevyeBOro CycTaBa B pPaHHEM
nocneonepayyroHHOM nepuoge.

Pesynbtatbl. PesynbraThl KOMMbIOTEPHOrO MOZENMPOBAHWUS METOAOM KOHEYHbIX ONEMEHTOB MoKasamu, 4To
pacnpegeneHne HanpsikeHuss oH Mwuseca Obino MeHblle B MOZENW MNeYeBON KOCTU, (PUKCUPOBAHHOA HOBLIM
YCTPOACTBOM, YeM B MOAENM, (OUKCMPOBAHHOM CTaHOAPTHOW MacTMHOW. B Mojenu nneveBoit KOCTW CO CTaHAapTHOM
MNacTMHON CMELLEHMS KOCTHbIX OTIOMKOB Obino Bonblue. Y npooneprpoBaHHOro GOMbHOMO (PYHKLMS MeyYeBoro cycrasa
BOCCTaHOBMNach XopoLwo, no wkane Constant Murley (Score) Bbiwno 85%.

BbiBoabl. OcteocuHTE3 nepenoma MPOKCUMArbHOM 4acTW MevyeBO KOCTW HOBbIM YCTPOMCTBOM MOBbLILLAET
CTabWUnbHOCTL Mepenoma, NpegoTBPallaeT BTOPUYHOE CMELLEHME KOCTHbIX OTMOMKOB W CMOCOOCTBYET paHHeMy
BOCCTAHOBMEHWO IBUXXEHWIA B NNEYEBOM CYCTaBe.

Knrouesnle cnosa. lepenom npokcumansHo20 omdena nieyesoll KOCMu, KoMNblMepHoe ModenuposaHue MemoooM
KOHEYHbIX 3IEMEHMO8, ycmpolicmeo H08020 obpa3ya, 0CMeocuHme3, Modesu KOCmb-naacmuHa.

TyniHpeme
UbIK CYMEIIHIH MTPOKCUMANDbAbI BeNIriHIH CbiHbIfbIH
93IPJIEHIEH KYPbINIfbIMEH XXoHE CTAHOAPTTDI CYMEKYCTINIK
KYJIbINTAYLWbI NNMACTUHAMEH OCTEOCUHTES3IHIH TYPAKTbIbIfFbIH
CANbLICTbLIPMANNDbI TYPOAE BUOMEXAHUKANDbIK 3EPTTEYI.
COHfbl IJIEMEHTTEP SICIMEH KOMNBIOTEPNIK MOAENDbBAEY.
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©3eKTiniri. Vbik, cyieriHi, npokcumManbabl 6eniriHin, ChIHbIKTapbl KE3AECY Xuiniri GoMbIHIWA CaH CyWeriHiH, MOAbIHBI MEH
Kapi Xinik cyieriHiH, aucTanbabl MeTasnun3iHiH, ChiHbIKTApPbIHAH KEMiHTi yLWiHLWI opbiHAbI anaabl. KebiHece erge xacTarbl
ajamzap MeH KapTTapaa kesgecefi. XUpYprusinibik €MiHiH, KenTereH agicTepiHi, OonyblHa KapamacTaH, ani KyHre AeiiH
EKIHLLINIK bIFbICY, BUHTTAPMbIH, LUbIFbIN KETYi )KaHE acenTuKarblk, HEKPO3 Cekingi ackplHynapbl ken kesgeceni. 3eptreyae
WbIK CyWeriHiH, npokcumanbabl GeniMiHiH, CbiHbIFbIH XaHa KypblnFbIMEH OCTEOCUHTESIHIH, BOMEXaHMKarbIK, KacMeTTEPIH
aHbIKTay YLUIH KOMMbIOTEPAK MOLENbAEY XacarblHbIM, KMUHUKANbIK MbiCan peTiHae Haykacka xacanfaH OTaHbIH XaKblH
HaTWXenepi kepceTingi.
3eptTeypin, Makcatbl. Oiinan TankaH XaHa KypblFbIMEH XaHe CTaHAapTThl CYWEKyCTiMiK nnacTuHameH OekiTinreH
WbIK, CyWEriHiH, KOMMbOTEPNiK MOAEMNbAEPIH COHFbl ANEMEHTTEP SAICIMEH carnbICTbipMarsl Typae 3epTTey.
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Matepuangap meH agictep. Wbk, cyiieriHiv, npokcumanbsl 6eniriHiH, ChiHbIKTapbIH OEKiTyre apHanFaH xaHa ynrigeri
KYPbINFbl Xacan LWwbirapbingbl. OpTa kacTarbl ep afamMHbIH UblK OYbIHbIHbIH, KOMMBIOTEPIK TOMOrpaMMach! HerisiHae bIK
cyieriHiy, 3D — mMogeni xacanbiHabl. Mbik, cyieritiv, mogenbgepiHe 500 H kywneH oci 6oibiHwa Kbicy, 200 kuFallblHAH
Kpicy kaHe 200 H KywneH amHanmanbl xyKremenep cumynsumsinangbl. KomnbtoTepnik mogenbaey kesiHae anblHfaH
BromexaHuKarblk SKCNEPUMEHTTEPLIH, HaTWxenepi, (oH MusecTiH, Makcumangbl KepHeyiHiH, Tapany HykTenepi, otagaH
KemiHri epTe ke3eraeri UblK BYbIHbIHBIH KbIBMETIHIH, KannblHa Kenyi 3epTTengi.

Hatuxenep. CoHsbl SNEMEHTTEP afiCIMEH KOMMBIOTEPIIK MOZenbAeYAiH, HaTuxenepi ¢oH Musec kepHeyiHiH, Tapanybl
KaHa KypblFbIMeH BEKITINreH ublk, CyReriHiH MOAeNiHae, CTaHAapTTLI NNacTMHaMeH OekiTinreH Mogenbre kaparakaa asgay
BonfaHbIH kepceTTi. CbiHbIk OeniKTEPIHIH biFbICYbl CTAHAAPTTLI MACTUHAMEH BeKiTiNreH Ublk, CyheriHiK, MogeniHae kebipek
Bongpl. OTa xacanfaH HaykacTa WblK OYbIHbIHBIH, KbI3METi aKcbl KannbiHa kengi, Constant Murley (Score) wkanacei
BoiibiHwa 85%-abl Kypaab!.

TyXbIpbIM. MbiK, CyieriHiy, npokcuManbabl 6eniriHib, ChiHbIFbIH XaHa KypbiniFbIMEH OCTEOCHHTESI CbiHbIK OPHbIHbIH
TYPaKTbIMbIFbIH  @pTThipadbl, CbiHbIK OenikTepiHiH, eKiHWINK bIFbICYbIHbIH anablH anbin, WblK OYyblHbIHAAFLI KWAMbIN-
KO3FanbICTbIH, EPTE KaNMblHA KeNyiHe CenTiriH Turiseqi.

TyliHOi ce3dep: ublk cylieaiHiH npokcumarnbObi benieiHiH CbiHbIFbI, COHfbl dnemeHmmep a0iciMeH KOMNbOMEPIiK
modenbiey, xaHa yneideai KypbiiFbl, OCMEOCUHME3, cyliek-nnacmuHa Modesbepi.
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Introduction After the invention of plates with screw holes, the

Fractures of the proximal humerus account for 5-10%  number of surgical treatments for proximal humeral
of all musculoskeletal fractures and 26% of humeral  fractures has increased significantly [13]. The locking
fractures [1,2]. In the elderly, especially in people with  technology provides a stronger fixation of the screws in the
osteoporosis, fractures of the proximal humerus are the  bone tissue, thereby preventing secondary displacement
third most common after common distal radius fractures  and allowing for an earlier start of movements in the
and femoral neck fractures [3]. 80% of the above fractures  shoulder joint [14,15]. Despite the above-mentioned
are stable and can be treated conservatively, while the  achievements, the frequency of complications after fixation
remaining 20% are multifragmented, displaced fractures,  with a locking plate is still high, reaching from 18% to 37%
which require surgical treatment [4,5]. in international scientific data [16]. In this regard, further

Various methods and implants are used for surgical  improvement of the supraosseous locking method and the
fixation of fractures of the proximal humerus. To date, the  invention of new types of implants are an urgent issue.
‘gold standard” of surgical fixation has not been  Currently, orthopedic scientists from different countries of
established, the complications of the currently known  the world are engaged in the development of this method,
methods are high, and there is a heated debate among  the following inventions have been proposed: the use of
orthopedic scientists about which type of surgery is best  carbon fiber reinforced polyester ketone instead of titanium,
[6,7,8]. The anatomical features of the shoulder joint and  screw fixation with bone cement, new sutures of the rotator
the complexity of proximal humeral fractures make it difficult  cuff, etc. [17,18,19].
to perform stable functional osteosynthesis [9]. The most Despite the above-mentioned innovations and treatment
commonly used surgical treatments today are: intraosseous  results, this method still requires improvement and new
locking osteosynthesis, supraosseous osteosynthesis,  innovative developments. With this in mind, we developed a
combined osteosynthesis, and partial and complete  new design of locking plate to achieve stable
shoulder joint arthroplasty [10]. Despite the existence of  osteosynthesis of proximal humeral fractures. The results of
several types of osteosynthesis, none of them can be used ~ computer simulations and a clinical example using the new
equally for all types of fractures [11]. Among the above  device are presented in this article.
surgical methods, open reduction and plate fixation for
complex multifragmentary fractures of the proximal
humerus and shoulder joint arthroplasty in elderly patients
are often used [12].
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Materials and methods.

A new device for fixing fractures of the proximal humerus
has been developed at the Department of Traumatology and
Pediatric Surgery of the Semey Medical University. This device
is an orthopedic implant, a new design of a locking plate. The
plate is characterized by holes in the upper part for locking
screws with a diameter of 3.5 mm and 8 holes in two rows for
small fixing screws with a diameter of 20 mm. An arcuate,
curved, narrow plate-like element with screw holes is attached
to these holes, through which screws are inserted into the
humeral head in a different direction (Figure 1). The device was
manufactured from VT6 (Grade 5) titanium at the Smart
Engineering Competence Center of the D. Serikbayev East
Kazakhstan Technical University.

Computer modeling.

A computer modeling using the finite element method
was performed to determine the stability of osteosynthesis
of a proximal humerus fracture with a new device. First, a
three-dimensional geometry of the proximal humerus was
created based on a computed tomography of the shoulder
joint of a 56-year-old healthy man. The new plate and the
ChM plate, which are commonly used in the department,
were scanned using a ZG RigelScan Plus (ZG Technology
Co., Ltd., Wuhan, China) 3D scanner and three-dimensional
models were created. A 10 mm image was made on the
humerus model, and the surgical neck fracture was formed
and fixed with a plate (Figure 2).

Finite element analysis of bone-plate structures was
performed using the commercial software ANSYS 2023 R1
(ANSYS, Inc., Canonsburg, Pennsylvania, USA). Materialize
mimics 21.0 software was used to characterize the mechanical
properties of the cortical and soft layers of the humerus. The
humerus model was given elastic and isotropic mechanical
properties, the elastic modulus of the implants was set to 111.2
GPa, and the Poisson's ratio was set to 0.3 for all materials.
The coefficient of surface friction between the various
components of the models was taken to be 0.42. Three
different loads were simulated on the humeral head. The first
load was applied vertically to the humeral head, and the
second was applied at an angle of 200, both with a force of 500
N (Newton). The first simulated the load on the humerus when
a person is standing upright, and the last simulated the load
when a person is standing up from a chair with their hands or

Figure 3. Computer - simulated loads on the plate-bone models.

using crutches. The third load was rotational, with a force of
200 N (Figure 3).

Figure 1. Picture of a new device for fixation
of proximal humerus fractures.

1

Figure 2. Creation of a 3D model
of the humerus fixed with a new device.

=)

iy

A: Axial compression force; B: Axial force on 20° inclinations; C: Torsion with a rotational force.
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Clinical example. Patient I., 44 years old, was urgently
admitted to the Polytrauma Center of the “Emergency
Medical Care Hospital” of the Semey city of the Military
Hospital of the Armed Forces of the Kyrgyz Republic.
Diagnosis: closed displaced fracture of the anatomical neck
of the left humerus. After the patient’s soft tissue swelling
subsided, osteosynthesis of the humerus was performed 1
week later with a new device.

Stages of the operation: Endotracheal anesthesia was
administered. After the surgical field was treated with an
antiseptic, a 12.0 cm long skin and subcutaneous fat layer
were cut in the shoulder joint area. The fracture area was
opened with a delto-pectoral approach, reduction was
performed, and the fracture fragments were temporarily
fixed with spokes. A plate was installed on the lateral

surface of the humerus and the bone was drilled through
the holes in the plate with a drill. Locking screws were
inserted through the holes and the fracture fragments were
fixed. Then, through a small hole in the upper part of the
plate, an arcuate, curved, narrow plate-like element with
screw holes was fixed. Through the holes of this plate,
screws were inserted into the head of the humerus in an
anterior-posterior direction, and the fracture fragments were
additionally fixed. X-ray control was performed. The wound
was treated with antiseptic, sutured with a layer, and a
drainage tube was left. 3 days after the operation, passive
movements of the shoulder joint were started using the
“arthromot” device. The operated arm was hung around the
neck with a soft towel, and active movements were allowed
after 3 weeks (Figure 4).

Figure 4. X-ray of the patient’s shoulder joint after osteosynthesis with a new device.

Results

A finite element computer simulation was performed to
compare the biomechanical properties of the ChM plate and
the newly developed device for fixation of the upper
humerus fracture. Six simulations were performed using
ANSYS 2023 R1 (ANSYS, Inc., Canonsburg, Pennsylvania,
USA) software, yielding 18 values. The following results
were obtained from the computer simulation:

The maximum von Mises stress on the plate surface
during compression with a force of 500 N along the axis of
the humerus was 1260.6 MPa for the ChM plate and 1018.6
MPa for the newly developed plate. The maximum shear
stress at the location of the locking screw attachment to the
cortical bone was 41.416 MPa for the newly developed
plate and 29.911 MPa for the ChM plate. The maximum von
Mises stress in the locking screws was 1188.2 MPa for the
new plate and 1323.6 MPa for the ChM plate.

When a compressive force was applied at an angle of
200 to the bevel, the following results were obtained: the
maximum von Mises stress on the plate surface was 1586
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MPa for the new plate and 1973.2 MPa for the ChM plate.
The maximum shear stress at the location of the locking
screw attachment to the cortical bone was 108.47 MPa for
the new plate and 44.49 MPa for the ChM plate. The
maximum von Mises stress determined from the locking
screws was 2166.9 MPa for the new plate and 2560.1 MPa
for the ChM plate.

When simulating a rotational load of 200 N on the
humeral head, the maximum von Mises stress was 20.931
MPa for the new plate and 14.757 MPa for the ChM plate.
The maximum shear stress at the attachment of the plate
screws to the bone was 1.4372 MPa (new plate) and
0.63956 MPa (ChM plate), respectively. The maximum von
Mises stress at the locking screws was 24.713 MPa for the
new plate and 29.669 MPa for the ChM plate.

When axially loaded on the humerus, the displacement
of the bone fragments at the fracture site was greater in the
model fixed with the ChM plate. When subjected to
rotational loading, the secondary displacement was less in
our model of the humerus fixed with the plate. The
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maximum von Mises stress was located around the hole
through which the calcar screw passed through the plate

during the loads applied with a compressive force of 200
along the axis of the bone and obliquely (Table 1).

Table 1.
Comparative results of calculations of the stress-strain state of the bone-fixator systems.
No. Indicators New device Bone locking plate
Rotational | Axial load from20 | Axial | Rotational | Axial load from20 | Axial
load, 200 degree load load, 200 degree load
N*mm inclination, 500 N [ 500 N N*mm inclination, 500N | 500 N
1 | Maximum equivalent stiess | 5 g4 1586 10186 | 14,757 1973,2 1260,6
according to Mises, MPa
2 Maximum displacement, mm 0,1463 6,2965 3,0361 0,1066 9,8439 5,0497
3 Minimum safety factor, MPa 5103,5 68,8 107,2 7535,4 56,4 88,2

The patient was examined 1.5 months after surgery with a
newly manufactured plate for the anatomical neck of the
humerus. The function of the shoulder joint was assessed
using the Constant Murley (Score) scale, the result was 85%.

Discussion.

To determine the strength of osteosynthesis of the proximal
humerus fracture with the ChM plate and the newly
manufactured plate, a computer simulation was performed
using the finite element method to compare the biomechanical
properties. The peculiarity of our plate is that it fixes the
proximal humerus not only in the lateral direction, but also in
the anterior and posterior directions, thereby increasing the
stability of the fracture site. As shown in the results, the
maximum von Mises stress in the ChM plate under pressure
applied along the axis of the humerus was 1260.6 MPa, and in
the newly manufactured plate was 1018.6 MPa. Under the
influence of the compressive force at an angle of 200 from the
oblique, the maximum von Mises stress in our plate was 1586
MPa, which is much lower than that of the Chm plate. All
maximum stresses occurred in the vicinity of the hole for the
"calcar" screw and in the “calcar’ screws themselves. These
are the most likely places of failure after internal fixation and
withstand the highest loads.

Overall, the developed plate showed better stress
distribution in the applied loads than the ChM plate. In our
opinion, this is explained by the fact that the locking screws
are inserted into the humeral head in different directions,
which leads to a more even distribution of stress in the
locking screws and reduces the load on the “calcar” screws.
The calcar screws provide an important medial support in
the proximal part of the humerus. The reduction in the load
on this structure indicates that the medial support function is
partially replaced by screws inserted into the humeral head
from the anterior and posterior directions.

Another feature of our plate is that the angle of flexion of
the proximal part is greater than that of standard plates,
corresponding to the angle of lateral flexion of the proximal
humerus and better fitting to the bone surface. Based on the
above data, it can be concluded that the newly developed plate
provides increased medial support, thereby reducing the risk of
secondary varus displacement of the fracture fragments and
allowing for an earlier start of shoulder joint rehabilitation. An
example of this is the satisfactory recovery of shoulder joint
mobility in the patient after surgery.

Our study has the following limitations. First, 3D data from
only one patient were used to create the computer model, and
the results obtained cannot be generalized to the general
population. However, we collected data from a human humerus
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and used the finite element method, thus observing the real
effects that can be applied in a clinical setting. Second, only
three types of loads were applied to the humerus, and further
studies that include different biomechanical conditions are
needed in the future. Third, the finite element models were
developed based only on bones and joints, and the effects of
muscles and ligaments were not taken into account. However,
other studies similar to ours have not taken their effects into
account and have not been shown to have a significant impact
on the modeling results. Fourth, the forces of the loads used in
the modeling were very high, considering the values often used
in previous studies [20,21]. For example, a force of 500 N can
be applied to the humerus only when a person weighing more
than 100 kg is supporting himself with his hands from a chair.
This is a very rare situation in everyday life, given the average
weight and body composition of people in the Republic of
Kazakhstan. These issues can be resolved by calibrating the
experimental conditions based on weight data according to age
group. Fifth, so far, only one patient has been monitored for
postoperative clinical outcomes, and long-term results have not
yet been obtained. This issue can be resolved by increasing
the number of patients and extending the follow-up period. In
this article, we have discussed the biomechanical properties
determined mainly using the finite element method. Despite the
above-mentioned shortcomings, the results of the study proved
that osteosynthesis with the developed plate is robust and
functionally stable.

Conclusion.

The results of the study, conducted using computer
modeling, showed that osteosynthesis of the proximal
humerus fracture with a new plate achieved good
biomechanical performance and stability under axial
compression, axial shear, and rotational loads. Thus, the
results of the study showed that fixation of the fracture site
with a new plate is very stable, which helps to reduce the
incidence of curved fusion and secondary displacement of
bone fragments.
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